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Effect of Vitamin C (Ascorbic Acid) as an Antioxidant in 
Reducing Cellular Injury Following Renal 
Reperfusion in Wistar Rats
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Coimbatore Vasudevan Raghuveer,3 Kamath Asha4
Background: Renal ischemia-reperfusion (I/R) injury occurs as a result of the production of reactive oxygen 
species (ROS) and reactive nitrogen species (RNS). ROS cause oxidative stress, which results in an imbalance 
between oxidants such as ROS and antioxidants. The objective of this study was to evaluate the protective effect 
of the antioxidant vitamin C compared to the effect of vitamin E on renal I/R.
Methods: Wistar albino rats were divided into six groups. There were three control groups: Group 1—normal 
control; Group 2—sham control; Group 3—untreated experimental control. There were three experimental 
groups where rats were pretreated with a vitamin for 30 days: Group 4—pretreated with vitamin E; Group 
5—pretreated with vitamin C; Group 6—pretreated with a combination of vitamins E and C. On day 31, all 
groups except normal and sham control underwent 60 minutes of renal ischemia followed by reperfusion for 10 
minutes. After this, the kidney was removed and homogenized. The homogenate was used for the biochemical 
estimations of lipid peroxidation, glutathione (GSH) and superoxide dismutase (SOD).
Results: Ischemia followed by reperfusion led to a significant increase in tissue lipid peroxidation and a decrease 
in GSH and SOD levels (Group 3). However, in Groups 4, 5 and 6, where the rats were pretreated with vitamin 
C or E or a combination of both, there was a decrease in lipid peroxidation, and an increase in GSH and SOD 
levels. Though a decrease in lipid peroxidation was observed in all three vitamin-pretreated groups, it was not 
as low as in the normal control group. There were no statistically significant differences among the three vitamin-
pretreated groups.
Conclusion: Both antioxidants, singly and in combination, showed equal beneficial effects in reducing renal 
injury. [Hong Kong J Nephrol 2009;11(1):9–13]
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INTRODUCTION
Ischemia-reperfusion (I/R) injury is a major cause of 
renal failure and renal graft rejection. Renal I/R injury 
leads to the production of reactive oxygen species (ROS) 
and reactive nitrogen species (RNS) [1]. ROS cause 
oxidative stress, which results in the alteration of the 
level of mitochondrial oxidative phosphorylation, ATP 
depletion, increases in intracellular calcium, and activa-
tion of protein kinases, phosphatases, proteases, lipases 
and nucleases leading to a loss of cellular function and 
integrity [2]. Therefore, it is important to reduce the 
levels of these hazardous metabolites to improve patient 
recovery. In order to speed up patients’ recovery from 
I/R injuries, different types of protection have been 
suggested and used, including hypothermia, ischemic 
preconditioning and induction of successive I/R by 
intermittent clamping for different periods, as well as 
various drugs used before, during and after the onset of 
ischemia [3]. Experimental trials have shown the effi-
cacy of these drugs in preventing or attenuating I/R 
injuries by altering the levels of various agents such as 
superoxide dismutase (SOD), catalase, mannitol, hy-
pertonic solutions, allopurinol, N-acetylcysteine, iron-
binding compounds, angiotensin-converting enzyme 
inhibitors, calcium channel antagonists, α-tocopherol 
and ascorbic acid [4–7]. Among them, α-tocopherol is 
the major component of vitamin E, a group of substances 
with similar structures. Alpha-tocopherol is considered 
the most effective lipid soluble antioxidant found in the 
human biological system. As it interacts with free radi-
cals, the chain reaction of these radicals starts, prevent-
ing lipid peroxidation, a process that generates products 
that are harmful to cells [8].
Ascorbic acid has been used to protect against cor-
neal damage from free radicals in rabbits [9]. In addition, 
it has also been used to improve the renal hemodynam-
ics and decrease oxidative stress, inflammation and fi-
brosis in the ischemic kidney of pigs [10]. While 
previous studies have shown the role of vitamin E in 
reducing injury, the role of vitamin C has been less 
extensively studied. Therefore, the present study was 
designed to investigate the efficacy of ascorbic acid as 
a free radical oxygen scavenger to attenuate I/R injury 
and aid in the recovery of renal function.
METHODS
Inbred Wistar rats of either sex, and weighing 200 g, 
were used in the study. Animals were housed 4–5 rats 
per cage and fed ad libitum. All experimental protocols 
were approved by the ethics committee of the Manipal 
Academy of Higher Education (MAHE) in Manipal, 
Karnataka, India. The animals were divided into the 
following groups (7 rats in each group):
• Group 1 (normal control): rats in this group did not 
undergo ischemia or reperfusion and served as the 
control group.
• Group 2 (sham control): rats in this group were sub-
jected to the surgical procedure for producing ische-
mia, but the actual ischemia and reperfusion procedure 
was not performed.
• Group 3 (untreated experimental control): 60 minutes 
of renal ischemia were induced in the rats in this 
group, followed by reperfusion for 10 minutes.
• Group 4 (vitamin E): rats in this group were pretreated 
with vitamin E 100 mg/kg body weight for 30 days, 
followed by 60 minutes of ischemia and then 10 
minutes of reperfusion.
• Group 5 (vitamin C): rats in this group were pretreated 
with vitamin C 20 mg/kg body weight for 30 days, 
followed by 60 minutes of ischemia and then 10 
minutes of reperfusion.
• Group 6 (vitamins E + C): rats in this group were 
pretreated with both vitamins E (100 mg/kg body 
weight) and C (20 mg/kg body weight) for 30 days, 
followed by 60 minutes of ischemia and then 10 
minutes of reperfusion.
At the end of the experiment, all rats except those 
in Groups 1 and 2 were anesthetized intraperitoneally 
with pentobarbitone sodium (40 mg/kg body weight) 
under strict aseptic conditions. The animals were sub-
jected to left renal vessel occlusion for 60 minutes. After 
60 minutes, the vessel occluder was removed to allow 
reperfusion for 10 minutes. Renal ischemia was con-
firmed by inspection of the renal vessel, and reperfusion 
was confirmed by presence of reactive hyperemia. Rats 
that failed to develop reactive hyperemia were excluded 
from the study.
The abdominal viscera were covered with gauze 
soaked in normal saline (0.9% sodium chloride) to keep 
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the tissues moist. Following completion of ischemia and 
reperfusion, the kidney was removed and kept in cold 
phosphate-buffered saline (PBS, 0.9%). The reperfused 
kidney was blotted dry and minced. The minced tissues 
were transferred to a glass homogenizer containing 
10 mL of cold PBS (pH 7.4) and centrifuged at 3000 rpm 
for 30 minutes to obtain the supernatant. The obtained 
supernatant was used for measuring biochemical pa-
rameters such as malondialdehyde (MDA), glutathione 
(GSH) and SOD.
Estimation of MDA
MDA was estimated by the method described by Kartha 
and Krishnamurthy [11]. The development of pink color 
was measured at 535 nm using a Spectronic D-20 spec-
trophotometer (Spectronic Devices Ltd., Wootton, 
Bedfordshire, UK). Thiobarbituric acid-reactive material 
was expressed in terms of nmol MDA/g wet tissue.
Estimation of GSH
GSH was estimated using the standard protocol of 
Beutler et al [12]. The optical density of the blank test 
tube with all the reagents except the samples and the 
test tube with all the reagents and the sample was mea-
sured at 412 nm using a Spectronic D-20 spectropho-
tometer (Spectronic Devices Ltd.). The GSH content of 
tissue was expressed as μg GSH/g tissue protein.
Estimation of SOD
SOD was estimated by the technique described by 
Beauchamp and Fridovich [13]. The reduction of ni-
troblue tetrazolium by O2• − was measured at 560 nm 
using a Spectronic D-20 spectrophotometer (Spectronic 
Devices Ltd.). The activity was expressed as unit/mg 
protein.
Protein estimation
The protein content of the tissue samples was determined 
by the method of Lowry et al [14]. The blue color de-
veloped was measured at 540 nm using a Spectronic 
D-20 spectrophotometer (Spectronic Devices Ltd.).
Statistical analysis
Data were analyzed using the non-parametric Kruskal–
Wallis test followed by multiple comparison tests, with 
p < 0.05 considered to be significant. Data are expressed 
as mean ± standard deviation.
RESULTS
When the rats were pretreated with the antioxidants 
vitamin E and vitamin C alone (Groups 4 and 5), and 
with both vitamins E and C (Group 6), a significant 
decrease in tissue lipid peroxidation (Figure 1), an in-
crease in GSH (Figure 2) and an increase in SOD (Figure 
3) were observed when compared to the untreated ex-
perimental control (Group 3; p < 0.0001). However, there 
were no statistical differences among the treated groups 
(Groups 4, 5, 6), or among the control groups (Groups 
1 and 2).
DISCUSSION
Renal ischemia initiates a complex and interrelated 
sequence of events, resulting in the injury and death of 
renal cells [15]. Reperfusion, although essential for the 
survival of ischemic renal tissue, causes additional dam-
age to the same tissue that is referred to as reperfusion 

































Figure 1. Effect of pretreatment with vitamin C on tissue malondialdehyde (MDA) following renal ischemia-reperfusion. Data are expressed 
as mean ± standard deviation. *Group 3 vs. Groups 1, 2, 4, 5, 6, p ≤ 0.0001. Group 2 vs. Group 1 is not significant (NS).
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renal dysfunction and injury associated with ischemic 
acute renal failure [17,18]. Although the exact mecha-
nisms involved in the pathogenesis of acute renal failure 
have not been fully elucidated, it is generally believed 
that ROS and RNS are the key mediators of I/R-induced 
kidney damage [19]. One of the approaches to limiting 
apoptotic or necrotic cell death in response to I/R injury 
may be antioxidant therapy. Antioxidants such as vita-
min E have been shown to have protective properties 
against ischemia-induced tissue damage [20,21]. The 
results of the present study showed a decrease in tissue 
MDA level and an increase in scavenging enzymes such 
as SOD and GSH upon treatment with either vitamin C 
and E or both following I/R. The results of this study 
suggest that the levels of various antioxidant enzymes 
(SOD, GSH), which protect against oxygen free radi-
cals, were higher in the rats treated with vitamin C. 
Ascorbic acid reduces the level of reactive oxidant spe-
cies both intracellularly and extracellularly, and main-
tains transition metals in their reduced form [1,22]. 
Thus, the present study indicates that ascorbic acid as 
an exogenous antioxidant may attenuate I/R injury by 
increasing the activities of SOD, GSH peroxidase, and 
catalase. There is evidence to suggest that vitamin C may 
affect intracellular levels of GSH, which can improve 
flow-mediated, endothelium-dependent dilation [23]. 
When endogenous lipid peroxidation was measured, it 































Figure 2. Effect of pretreatment with vitamin C on tissue glutathione (GSH) following renal ischemia-reperfusion. Data are expressed as 
mean ± standard deviation. *Group 3 vs. Groups 1, 2, 4, 5, 6, p ≤ 0.0001. Group 2 vs. Group 1 is not significant (NS).
Figure 3. Effect of pretreatment with vitamin C on tissue superoxide dismutase (SOD) following renal ischemia-reperfusion. Data are 
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[24–26] but not all [27] studies. The results of our study 
suggest that vitamin C plays a significant role in reduc-
ing the level of lipid peroxidation and causes an increase 
in the level of tissue GSH and SOD following the in-
duction of ischemia for 60 minutes and reperfusion for 
10 minutes.
In summary, the administration of α-tocopherol or 
vitamin C, or a combination of both for 30 days prior 
to the induction of ischemia for 60 minutes followed by 
reperfusion for 10 minutes did have a comparable effect 
in decreasing the levels of tissue lipid peroxidation and 
augmenting the tissue concentrations of GSH and SOD. 
Regardless of whether vitamins C and E were used 
singly or together, the results obtained showed that they 
had comparable impact on all the parameters of this 
study. Ascorbic acid is an inexpensive antioxidant and 
is available in various commonly used foodstuffs; it 
can be used as an antioxidant in a single dose or in 
combination with vitamin E. This study suggests that 
ascorbic acid has equal potency to α-tocopherol as an 
antioxidant.
REFERENCES
1. Lee JI, Son HY, Kim MC. Attenuation of ischemia–reperfusion 
injury by ascorbic acid in the canine renal transplantation. J Vet Sci 
2006;7:375–9.
2. Sekhon CS, Sekhon BK, Singh I, Orak JK, Singh AK. Attenuation 
of renal ischemia/reperfusion injury by a triple-drug combination 
therapy. J Nephrol 2003;16:63–74.
3. McCord JM. Oxygen-derived free radicals in post-ischemic tissue 
injury. N Engl J Med 1985;312:159–63.
4. Korthuis RJ, Granger DN, Townsley MI, Tayler AE. The role of 
oxygen-derived free radicals in ischemic-induced increases in 
canine skeletal muscle vascular permeability. Circ Res 1985;57:
599–609.
5. Walker PM, Lindsay TF, Labbe R, Mickle DA, Romaschin AD. 
Salvage of skeletal muscle with free radical scavengers. J Vasc Surg 
1987;5:68–75.
6. Smith JK, Carden DL, Grisham MB, Granger DN, Korthuis RJ. 
Role of iron in post ischemic microvascular injury. Am J Physiol 
1989;256(5 Pt 2):H1472–7.
7. Bozkurt AK. Alpha-tocopherol (vitamin E) and iloprost attenuate 
reperfusion injury in skeletal muscle ischemia/reperfusion injury. 
J Cardiovasc Surg 2002;43:693–6.
8. Lehr HA, Messmer K. Rationale for the use of antioxidant vitamins in 
clinical organ transplantation. Transplantation 1996;62:1197–9.
9. Nagel E, Meyer zu Vilsendorf A, Bartels M, Pichlmayr R. 
Antioxidative vitamins in prevention of ischemia/reperfusion injury. 
Int J Vitam Nutr Res 1997;67:298–306.
10. Chade AR, Rodriguez-Porcel M, Herrmann J, Krier JD, Zhu X, 
Lerman A, Lerman LO. Beneficial effects of antioxidant vitamins 
on the stenotic kidney. Hypertension 2003;42:605–12.
11. Kartha VNR, Krishnamurthy S. Factors affecting in vitro lipid 
peroxidation in rat homogenate. Ind J Physiol Pharmacol 
1978;22:44–52.
12. Beutler E, Duron O, Kelly BM. Improved methods for the 
determination of glutathione. J Lab Clin Med 1963;61:882–8.
13. Beauchamp C, Fridovich I. Superoxide dismutase. Improved assay 
and assay applicable to acrylamide gel. Ann Biochem 1971;44:
276–87.
14. Lowry OH, Roscbrought NJ, Faro AI, Randal RJ. Protein 
measurement with folin phenol reagent. J Biol Chem 1951;193:
265–75.
15. Lieberthal W, Levine JS. Mechanisms of apoptosis and its 
potential role in renal tubular epithelial cell injury. Am J Physiol 
1996;271:F477–88.
16. Weight SC, Bell PR, Nicholson ML. Renal ischaemia-reperfusion 
injury. Br J Surg 1996;83:162–70.
17. Gueler F, Gwinner W, Schwarz A, Haller H. Long-term effects 
of acute ischemia and reperfusion injury. Kidney Int 2004;66:
523–7.
18. Perico N, Cattaneo D, Sayegh MH, Remuzzis G. Delayed graft 
function in kidney transplantation. Lancet 2004;364:814–27.
19. Seo MY, Lee SM. Protective effect of low dose of ascorbic acid 
on hepatobiliary function in hepatic ischemia/reperfusion in rats. 
J Hepatol 2002;36:72–7.
20. Kadkhodaee M, Aryamanesh S, Faghihi M, Zahmatkesh M. 
Protection of rat renal vitamin E levels by ischemic-preconditioning. 
BMC Nephrol 2004;5:6.
21. Kim JH, Kang M, Cho C, Chung HS, Kang CW, Parvez S, et al. 
Effects of Nelumbinis Semen on contractile dysfunction in ischemic 
and reperfused rat heart. Arch Pharm Res 2006;29:777–85.
22. Iheanacho EN, Stocker R, Hunt NH. Redox metabolism of vitamin 
C in blood of normal and malaria-infected mice. Biochim Biophys 
Acta 1993;1182:15–21.
23. Vita JA, Frei B, Holbrook M, Gokce N, Leaf C, Keaney JF 
Jr. L-2-oxothiazolidine-4-carboxylic acid reverses endothelial 
dysfunction in patients with coronary artery disease. J Clin Invest 
1998;101:1408–14.
24. Barja G, Lopez-Torres M, Perez-Campo R, Rojas C, Cadenas S, Prat 
J, et al. Dietary vitamin C decreases endogenous protein oxidative 
damage, malondialdehyde, and lipid peroxidation and maintains 
fatty acid unsaturation in the guinea pig liver. Free Radic Biol Med 
1994;17:105–15.
25. Kimura H, Yamada Y, Morita Y, Ikeda H, Matsuo T. Dietary ascorbic 
acid depresses plasma and low density lipoprotein lipid peroxidation 
in genetically scorbutic rats. J Nutr 1992;122:1904–9.
26. Cadenas S, Lertsiri S, Otsuka M, Barja G, Miyazawa T. Phospholipid 
hydroperoxides and lipid peroxidation in liver and plasma of ODS 
rats supplemented with alpha-tocopherol and ascorbic acid. Free 
Radic Res 1996;24:485–93.
27. Sies H, Stahl W, Sundquiste AR. Antioxidant functions of vitamins. 
Ann NY Acad Sci 1992;669:7–20.
